Conclusions
Radiotherapy and lymphadenectomy are associated with statistically significantly reduced noncancer mortality in stage I and II endometrial cancer. The improved overall survival associated with these treatments reported from SEER studies is largely attributable to their selective application in healthier patients rather than their effects on endometrial cancer. J Natl Cancer Inst;2013;105: [1656] [1657] [1658] [1659] [1660] [1661] [1662] [1663] [1664] [1665] [1666] Endometrial cancer is the most common gynecologic cancer in the United States (1) . Population-based studies and retrospective cohort studies have reported associations between improved survival and the use of both adjuvant external beam radiotherapy and lymphadenectomy in early stage endometrial cancer (2) (3) (4) (5) . In contrast, randomized trials and meta-analyses of controlled trials have not found evidence that these interventions prolong survival, despite favorable effects on cancer-specific events (6) (7) (8) (9) (10) (11) (12) (13) . The effectiveness of these interventions is thus controversial.
Because endometrial cancer is not the principal cause of death in patients with treated early stage endometrial cancer (14), observed effects of treatment on overall survival may be partially or solely attributable to effects on competing causes of mortality, rather than mortality from endometrial cancer. A previous study in stage I to IV endometrial cancer reported that lymphadenectomy is associated with statistically significant improvement in both cancer-specific and noncancer mortality (15) . The extent to which the observed effects of radiotherapy and lymphadenectomy on overall survival in population-based studies is attributable to the cause-specific effects of these therapies vs favorable selection is unclear. Therefore, we sought to determine the cause-specific effects of both radiotherapy and lymphadenectomy in stage I and II endometrial cancer within Surveillance, Epidemiology, and End Results (SEER) data.
JNCI | Articles 1657 jnci.oxfordjournals.org histology, grade, type of radiotherapy delivered (if any), whether lymphadenectomy was administered and number of lymph nodes removed (if any), diagnosis date, and cause of death (if any). Patients with histologies other than adenocarcinoma (clear cell, papillary serous, carcinosarcoma, sarcoma, squamous cell) were excluded. Patients without total hysterectomy as initial treatment (n = 807) or unknown information about radiation therapy (n = 587), lymph node dissection (n = 60), grade (n = 3654), or stage (n = 1353) were also excluded. The proportion with missing grade or stage data did not differ statistically significantly according to radiotherapy use (χ 2 P = .13) but was lower for patients who had lymphadenectomy compared with those who did not (3.6% vs 4.6%; P < .01).
Risk Stratification and Treatment
Patients were assigned to one of five risk groups for analysis. Stage I patients were stratified using the 2009 Fédération Internationale de Gynécologie Obstétrique (FIGO) system (IA: <1/2 myometrial invasion; IB: >1/2 myometrial invasion; II: cervical stromal invasion, without extrauterine or lymph node involvement). Grade 1 was defined as well differentiated, grade 2 was defined as moderately differentiated, and grade 3 was defined as poorly differentiated or undifferentiated. Patients were identified as receiving no radiation, whole pelvic radiation (WPRT), vaginal brachytherapy (VB), or a combination of WPRT and VB. The extent of lymphadenectomy was categorized according to the number of lymph nodes sampled (0 vs 1-10 vs >10).
Statistical Analysis
T tests were used to examine differences in age according to treatment. The χ 2 test and analysis of variance were used to analyze differences in race and age according to risk group and treatment. Causes of mortality were classified as due to endometrial cancer, secondary cancers, or not due to cancer. Event times were defined as the time from diagnosis to death from the respective cause, with censoring at the time of last follow-up for patients without an event or at death for causes other than the event of interest. Multivariable analyses were performed using the Cox proportional hazards model (17, 18) , controlling for age (continuous), black race (vs white/other), marital status (yes vs no), year of cancer diagnosis (1988-1992 vs 1993-1997 vs 1998-2002 vs 2003-2006) , socioeconomic status (higher vs lower; higher socioeconomic status [SES] was defined by earnings above the mean of the median household income for the sample), radiotherapy use (WPRT ± VB vs VB alone vs none), and lymphadenectomy (>10 nodes vs 1-10 nodes vs 0 nodes). Results were similar when controlling for age as a categorical variable (by decade), or an age-squared term, or stratifying by 5-year age groups. Each of the five risk strata was analyzed separately. Stage and grade were omitted from models analyzed within separate strata but were controlled for (stage I vs stage IIA/II/NOS; grade 1 vs grade 2 vs grade 3) in models with pooled risk strata. The proportional hazards assumption was assessed using the Grambsch-Therneau method (19) . Primary covariable and treatment interaction terms were tested, with statistically significant (P < .05) interactions retained in the final regression models. Cumulative probabilities of cancer-specific and noncancer-specific mortality were calculated using nonparametric cumulative incidence functions (20) . Gray's test (21) was used to test for differences in cause-specific cumulative incidences. Data were analyzed using R version 2.15.1 (www.r-project.org). All statistical tests were two-sided, with P values less than .05 considered statistically significant.
results
The sample comprised 58 172 patients meeting inclusion criteria (Table 1) . At last follow-up, 44 549 patients were alive; 89 were lost to follow-up. There were 2589 deaths from endometrial cancer, 3019 deaths from secondary malignancies, and 8015 deaths from other causes. Median follow-up time was 81 months for surviving patients and 77 months overall (range = 0-251). The median times to death from endometrial cancer, noncancer causes, and secondary malignancy were 31, 78, and 57 months, respectively. Overall, 77.1% of endometrial cancer cases were stage IA, 13.6% were stage IB, 2.7% were stage II, and 6.6% were FIGO stage IIA or stage II NOS. Among low-risk stage I patients, 3.7% were stage IB. Among intermediate-risk stage I patients, 42.1% were stage IB. Mean age was statistically significantly higher in the adjuvant radiotherapy group compared with the no radiotherapy group (64.6 vs 62.0 years; P < .001). These differences were consistently observed across all risk strata. No differences in age were observed according to lymphadenectomy (62.5 vs 62.6 years; P = .63). Compared with white patients, black patients were more likely to receive both radiotherapy (21.7% vs 26.0%; P < .001) and lymphadenectomy (46.8% vs 51.8%; P < .001). These differences were statistically significant within the low-and intermediate-risk strata.
Overall, the cumulative incidence of endometrial cancer mortality was statistically significantly higher in patients undergoing WPRT than patients receiving no radiotherapy (P < .001) (Table 2; Figure 1 ). When controlling for demographic, disease, and treatment characteristics, the association between WPRT and increased endometrial cancer mortality was confirmed within all stage I risk strata (Table 3 ). The adjusted hazard ratio (HR) for the effect of WPRT in all stage I and II patients was 1.66 (95% confidence interval (CI) = 1.52 to 1.82). In general, significant interactions were not observed, except between WPRT and age (HR = 0.99 per year; P < .001) in all stage I and II patients and between WPRT and high SES (HR = 1.71; P = .02) in the high-risk stage I patients. When stratified by age decile, the effect of WPRT was highest in patients aged 31 to 40 years (HR = 3.84; P = .01) and lowest in patients aged 81 to 90 years (HR = 1.21; P = .12). The effect of WPRT was also greater in high SES patients (HR = 1.40; P = .06) compared with low SES patients (HR = 0.96; P = .82). Both VB alone (Table 2; Figure 1 ) and lymphadenectomy (Table 3; Figure 2 ) were associated with statistically significantly higher endometrial cancer mortality in low-risk stage I patients but lower endometrial cancer mortality in stage II patients. The adjusted effect of any lymphadenectomy in low-risk stage I patients was a hazard ratio of 1.27 (95% * FIGO = Fédération Internationale de Gynécologie Obstétrique; LND = lymphadenectomy; NOS = not otherwise specified; RT = radiation therapy; SD = standard deviation; SES = socioeconomic status; VB = vaginal brachytherapy; WPRT = whole pelvic radiation therapy; -= data unavailable/not applicable. † 1988 FIGO staging system. JNCI | Articles 1659 jnci.oxfordjournals.org CI = 1.16 to 1.39); in all stage I patients, the hazard ratio was 0.93 (95% CI = 0.85 to1.02), and in stage II patients, the hazard ratio was 0.61 (95% CI = 0.52 to 0.72).
The overall cumulative incidence of noncancer mortality was statistically significantly higher in patients undergoing WPRT compared with no radiotherapy (P = .03) and was statistically significantly lower in patients undergoing VB alone vs those undergoing no radiotherapy (P = .003) and lymphadenectomy vs those undergoing no lymphadenectomy (P < .001) ( Table 2) . Within all risk strata, the cumulative incidence of noncancer mortality Cumulative incidences of endometrial cancer mortality by type of radiotherapy treatment and risk group. Gray's test P values are for overall, pelvic radiotherapy vs no radiotherapy, and vaginal brachytherapy alone vs no radiotherapy, respectively. A) Low-risk, stage I (P < .001, P < .001, P < .001). B) Intermediate-risk, stage I (P < .001, P < .001, P = .49). C) High-risk, stage I (P = .15, P = .21, P = .27). D) Stage IIA* (1988 Fédération Internationale de Gynécologie Obstétrique staging system)/ stage II not otherwise specified (P < .001, P < .001, P = .23). E) Stage II (P < .05, P = .10, P < .01). RT = radiotherapy; VB = vaginal brachytherapy; WPRT = whole pelvic radiotherapy. was statistically significantly lower in patients receiving WPRT compared with no radiotherapy (P < .05 in all five strata), in patients receiving VB alone compared with no radiotherapy (P < .05 in all five strata), and in patients receiving lymphadenectomy compared with no lymphadenectomy (P < .05 in all five strata) ( Table 2 ; Figures 3 and 4) . When controlling for demographic, disease, and treatment characteristics, the associations between (Table 4 ). This effect was confined to intermediate-and high-risk stage I and stage II patients for WPRT and VB alone, whereas for lymphadenectomy it was generally observed across all risk strata. WPRT was particularly Table 1 , available online).
Overall, the cumulative incidence of second cancer mortality was higher (P < .001) in patients undergoing WPRT than patients receiving no radiotherapy, but only within the low-risk stage I stratum (P = .35) ( Table 2 ; Supplementary Figure 1 , available Figure 2 . Cumulative incidences of endometrial cancer mortality by lymphadenectomy (LND) and risk group. Gray's test P values are for overall, LND 1-10 nodes vs no LND, and LND >10 nodes vs no LND, respectively. A) Low-risk, stage I (P < .01, P < .01, P < .01). B) Intermediate-risk, stage I (P = .29, P = .16, P = .81). C) High-risk, stage I (P < .05, P = .81, P < .05). D) Stage IIA* (1988 Fédération Internationale de Gynécologie Obstétrique staging system)/stage II not otherwise specified (P < .01, P < .05, P < .001). E) Stage II (P < .001, P = .06, P < .001). online). In all other risk strata, the cumulative incidence of second cancer mortality was lower in patients undergoing WPRT compared with no radiotherapy (P < .05 in the intermediate-risk stage I stratum; P > .05 in all other strata). The cumulative incidence of second cancer mortality was non-statistically significantly lower in patients undergoing VB alone compared with no radiotherapy (P = .59), with varying differences within risk strata (P < .05 in the stage IIA/NOS stratum; P > .05 in all other strata) ( Table 2 ; Supplementary Figure 1 , available online). The cumulative incidence of second cancer mortality was not statistically significantly different in patients undergoing lymphadenectomy compared with no lymphadenectomy (P = .96), with varying differences within risk strata (P < .05 in the stage IIA/NOS stratum; P > .05 in all other strata) ( Table 2 ; Supplementary Figure 2 , Figure 3 . Cumulative incidences of non-cancer mortality by type of radiotherapy treatment and risk group. Gray's test P values are for overall, pelvic radiotherapy vs no radiotherapy, and vaginal brachytherapy alone vs no radiotherapy, respectively. A) Low-risk, stage I (P < .01, P < .05, P < .05). B) Intermediate-risk, stage I (P < .001, P < .001, P < .001). C) High-risk, stage I (P < .001, P < .001, P < .01). D) Stage IIA (1988 Fédération Internationale de Gynécologie Obstétrique staging system)/ stage II not otherwise specified (P < .001, P < .001, P < .01). E) Stage II (P < .001, P < .001, P < .05). RT = radiotherapy; VB = vaginal brachytherapy; WPRT = whole pelvic radiotherapy. available online). When controlling for demographic, disease, and treatment characteristics, only the association between use of VB alone nd decreased second cancer mortality was statistically significant (HR = 0.82; 95% CI = 0.68 to 0.99), an effect observed most strongly in stage II patients (Supplementary Table 2 , available online).
Discussion
Previous studies have reported associations between both radiotherapy and lymphadenectomy and improved overall survival using SEER data (2, 3) . In addition, a meta-analysis predominantly comprised of observational studies found that removal of more than 10 lymph nodes was associated with statistically significantly Figure 4 . Cumulative incidences of noncancer mortality (NCM) by lymphadenectomy (LND) and risk group. Gray's test P values are for overall, LND 1-10 nodes vs no LND, and LND >10 nodes vs no LND, respectively. A) Low-risk, stage I (P < .001, P < .001, P < .001). B) Intermediate-risk, stage I (P < .001, P < .001, P < .001). C) High-risk, stage I (P < .001, P < .001, P < .001). D) Stage IIA (1988 Fédération Internationale de Gynécologie Obstétrique staging system)/ stage II not otherwise specified (P < .001, P < .05, P < .001). E) Stage II (P < .001, P < .01, P < .001). (5) . A large analysis of SEER data similarly found that external beam radiotherapy was associated with improved survival in high-risk stage I endometrial cancer (HR = 0.72). In contrast, two recent meta-analyses of controlled trials found no statistically significant effect of either lymphadenectomy (HR = 1.07) (12) or external beam radiotherapy (HR = 0.99) (13) on survival in this population.
In this study, we observed that both adjuvant radiotherapy and lymphadenectomy were associated with statistically significantly decreased noncancer mortality, particularly among intermediateand high-risk stage I and stage II patients. Within low-risk stage I patients, we observed statistically significantly increased endometrial cancer-specific mortality associated with both treatments. In particular, we did not find evidence that WPRT was associated with statistically significantly improved endometrial cancer-specific mortality in any risk category. We did observe that VB alone and lymphadenectomy were associated with reduced endometrial cancer mortality in higher-risk patients. However, stage migration could partly explain this finding with respect to lymphadenectomy (because some patients not undergoing lymphadenectomy may have occult nodal disease). On the whole, we interpret these findings as evidence that the associations between WPRT and lymphadenectomy and improved overall survival reported in other SEER studies is largely due to the selection of healthier patients with higher-risk disease for these interventions, rather than effects of the treatments per se.
Studies that associate a treatment with improved survival can be easily misconstrued as evidence supporting use of the treatment. Although both radiotherapy and lymphadenectomy can reduce disease recurrence, which can cause mortality from endometrial cancer, we see no consistent argument to explain why these therapies would have a favorable effect on mortality from causes other than endometrial cancer. Furthermore, it is unlikely that these treatments would actually increase mortality from endometrial cancer, or that VB alone-which is given primarily to reduce risk of vaginal cuff recurrences-would have a large impact on disease-related mortality. Our findings indicate that caution should be used in interpreting effects of treatments on overall survival in populationbased studies, especially when the background rate of competing mortality events is high. In such settings, analysis of the effects of treatments on competing causes of mortality is important to establish the mechanism(s) for observed effects on overall survival. This approach has been advocated in reporting results of randomized trials (22, 23) , and is applicable generally when composite endpoints are used in competing risks settings.
It is important to reconcile findings from both population-based studies and randomized trials because the latter cannot always be relied on to resolve every controversy. Patients represented on randomized trials are not drawn randomly from the population, so the degree to which the findings from clinical trials strictly represent the population to which their findings are applied may be questionable. Moreover, because of the costs of conducting clinical trials, their power to estimate primary, secondary, and subgroup effects is nearly always constrained. It is often assumed that benefits of more aggressive treatment may be underestimated in observational studies because of selective application of these treatments in patients with higher-risk disease. However, our findings indicate that, conversely, their benefits can be overestimated as well because of selective application in patients at low risk of competing mortality.
Strengths of this study include a large population-based sample with demographic and cause-of-death data, permitting a thorough analysis of cause-specific treatment effects. Although cause of mortality may be difficult to attribute accurately, these data are generally accepted as accurate in the SEER database (24) . Notably, some potentially relevant demographic, disease, and treatment characteristics were unavailable in SEER data. We did perform a multivariable analysis to control for measurable factors that might influence the risk of noncancer mortality, but further studies controlling, for example, for the effects of comorbidity, lymphovascular invasion, and radiotherapy techniques could be helpful. Also, we cannot exclude residual effects of unmeasured confounders that could bias our results. Nonetheless, we do not believe these limitations substantially diminish the overall conclusions from this study, which call into question the mechanism responsible for improvements in survival associated with radiotherapy and lymphadenectomy in population-based studies.
It is difficult to ascertain the effects of cancer therapies on overall survival when the predominant cause of mortality is not cancer. As the probability of competing mortality events increases relative to cancer mortality, the effects of therapies on overall survival become attenuated, necessitating ever larger and more expensive randomized trials to prove their effectiveness. Attention to the effects of treatments on competing events takes on particular importance in such studies to ensure that the arms are balanced with respect to competing event risk and that the hypothesized primary effect estimate is plausible, based on the mechanism of the proposed intervention. Retrospective population-based studies may be helpful to detect small net effects on survival, but such analyses are susceptible to myriad forms of bias, particularly selection bias, making the resulting effect estimates dubious. Establishing effect specificity-and lack of nonspecificity-consistent with the hypothesized mechanism of treatment would lend greater credence to findings from such studies. 
